We study the effects of a class of features of the inflaton potential on the spectrum and bispectrum of primordial curvature perturbations. We provide fully numerical calculations and analytic approximations for the spectrum and the bispectrum. Given the generality of this class of features it could be used to model phenomenologically different types of non gaussian features encountered in observational data such as the cosmic microwave background radiation.
Introduction
To study the deviations of the primordial power spectrum from a smooth function various models have been proposed. We focus on the effects of features of the inflaton potential on the primordial curvature perturbations corresponding to a discontinuity in the first nderivatives of the potential. These kind of features could have arisen through different mechanisms such as phase transitions or particle production [1] , but in this paper we study their effects from a phenomenological point of view.
The potential
We consider a flat FLRW background universe and a canonical minimally coupled single scalar field φ with potential
Email addresses: alexander.gallego@udea.edu.co (Alexander Gallego Cadavid), aer@fisica.udea.edu.co (Antonio Enea Romano) where V b and V a are the vacuum energies before and after the feature, respectively. The scalar field obeys the usual equation of motion on the background
where primes indicate derivatives with respect to conformal time τ, a is the scalar factor, and H is the Hubble parameter. From now on we use units where the reduced Planck mass M Pl = 1 as well as c = = 1, and quantities evaluated at the feature time τ 0 are denoted by the subscript 0. The slow roll parameters are chosen as
Analytic solution of the background
Assumming that V is vacuum energy dominated we find an analytic approximation for eq. 2 in the De Sitter approximation with a = −1/(Hτ) given by
where
a (i = 0, 1, 2) and φ ± a are constants depending on n, λ, and φ 0 and with
Analytic curvature perturbations
In this section we obtain an approximation for the curvature perturbation ζ. For this purpose it is convenient to define [2] u = −zζ, where z = a √ 2 . Then the equation of motion for u in Fourier space is
where k is the comoving wave number. Due to the feature there is a discontinuity in z /z [1] given by
Following [3] we look for an approximate analytic solution to ζ given by
where α k = 1+iD 0 |v 0 | 2 and β k = −iD 0 v 2 0 are the Bogoliubov coefficients and v is the Bunch-Davies vacuum.
Analytic spectrum
Using eq. 7 we obtain an analytic approximation for the spectrum at all scales given by
where ω = k/k 0 and τ e is a time at which inflation ends.
Analytic bispectrum
To study the non gaussianity we define a convenient quantity [4] 
where P ζ is evaluated at k 0 and B ζ is the bispectrum given by
where 2p means the two other permutations of k 1 , k 2 , and k 3 . In this section we obtain analytic approximations of the F NL functions for large and small scales using the approximate eqs. 4 and 7.
Squeezed and equilateral limits for large scales. In the squeezed limit with k 1 k 2 = k 3 ≡ k and k < k 0 we obtain the approximation
where δ = (2k + k 1 )/k 0 . Then in the equilateral limit we simply set k 1 = k in eq. 11.
Squeezed and equilateral limits for small scales. For small scales, k i > k 0 , i = 1, 2, 3, we obtain a general expression for eq. 9 given by
with j = 1, 2, q 1 = 2 + λ − , q 2 = 2 + 2λ − , and
where p. indicates permutations between the k i 's and
,
, and the Γ's are the incomplete gamma functions.
Results
In the following plots we choose the parameters of the model in terms of Planck mass as
Numerical Results. In figs. 1 and 2 we plot the numerical computations of the effects of the features on P ζ and F NL on small scales, respectively. In these cases we fix n = 3 and choose λ = 6.0 × 10
(red), and λ = 2.4 × 10 −18 (green). Analytic Results. We now show the comparison of some numerical results with the fully analytic approximations derived above. In these cases we choose n = 3 and λ = 1.2×10 −18 . The numerical (analytic) results are plotted in blue (red). In figs. 3-5 we show the results for φ, P ζ , and F NL on small scales respectively.
Conclusions
We have seen that the feature induces oscillations on the spectrum around the scale k 0 which leaves the hori- zon at τ 0 . Also at small scales the bispectrum has an oscillatory behavior whose amplitude is inversely proportional to the scale and to n and λ. We have provided analytic approximations for the background solution and the spectrum and bispectrum of primordial curvature perturbations which are in good agreement with the numerical results.
It would be interesting to find the parameters which better fit different non gaussian features in observational data and to investigate what more fundamental physical mechanism could actually produce these features.
